Eighty crossbred, virgin, yearling beef bulls were subjected to three serving capacity (SC) tests. Ten low SC (LSC) and 10 high SC (HSC) bulls similar in weight (avg wt = 452 kg), testicular size and seminal traits but differing in average services were selected. Objectives were to evaluate the mating behavior and fertility of LSC and HSC bulls at pasture when exposed to an average and a heavy mating load and to determine the effect of sexual activity on body weight and testicular characteristics. One LSC and one HSC bull per block were exposed single-sire to 25 naturally cyclic (N) cows for 3 d and to 9 estrus-synchronized (S) cows for 1 d in a randomized complete block design consisting of 10, 4-d blocks. Bulls were fitted with pedometers to record distance travelled. Behavioral data were collected by periodic visual observation. During the N cow treatment, LSC bulls had fewer (P < .05) services per cow, total services and a higher mount to service ratio than HSC bulls. During the S cow treatment, LSC bulls showed increased sexual activity, though they achieved fewer (P < .09) services per cow. Pregnancy rates for LSC and HSC bulls did not differ (P > .20) and across SC groups averaged 53.6% for N cows and 31.9% for S cows. Distance travelled also was similar (P > .20) between SC groups for both treatments. Sexual activity during pasture exposure had no effect (P > .20) on testicular characteristics but resulted in an average decline in body weight of 25.7 kg across SC groups during the 4-d period. Postexposure SC tests found that LSC bulls had increased (P < .05) services, decreased mounts and mount to service ratio compared to pre-exposure measurements, but LSC were still lower (P = .06) than HSC bulls for average services. These results suggest that LSC virgin, yearling bulls should be offered sexual experience and retested before their inherent SC can be determined. 2 The authors gratefully acknowledge the technical assistance of A1 Kruger, Ed Mohney, Steve Furman and Tom Garvin in recording behavioral data, measurements, semen collection and evaluation, and handling of animals.
INTRODUCTION
Use of bulls in natural mating programs accounts for over 90% of the pregnancies achieved each year in the U.S. beef cattle industry (Huffine, 1987) , and alarge percentage of the beef bulls used for natural mating are marketed as yearlings. Many of these yearling bulls undergo a breeding soundness examination prior to sale or the breeding season. However, sex drive and mating ability are not commonly measured, though they are essential for 60 the delivery of viable spermatozoa and impregnation of females.
Among beef bulls used for single-sire mating, a large range in pregnancy rates has been reported (Smith et al., 1981; Lunstra and Laster, 1982) , and correlations between pregnancy rates and semen characteristics were low. These differences may be explained by differences in the levels of serving capacity (SC) among bulls. Several procedures for testing SC have been described (Chenoweth and Osborne, 1975; Lunstra, 1980; Blockey, 1981) . However, studies investigating the relationshp between SC and herd fertility are inconclusive, with some reo searchers finding no relationship (Farin et al., 1978; Christensen et al., 1982; Makarechian and Farid, 1985) and other researchers reporting SC test results to be an accurate predictor of bull fertility (Blockey, 1978a,b; Lunstra, 1980) . Studies have differed in testing procedures used for measuring SC. Thus, differences in the findings may lie in the procedures used for tests or differences in bull to female ratios used when measuring fertility.
At present, there is a lack of research relating the SC of yearling beef bulls in a standardized test with their behavior and fertility under pasture mating conditions. Therefore, the first objective of this study was to evaluate the sexual behavior of low and high SC yearling bulls when placed with naturally cycling and estrussynchronized cows under pasture mating conditions during both daylight and dark hours. The second objective was to determine the effect bull SC has on herd fertility under these conditions and to determine the relationship between sexual activity and body weight, testicular characteristics and semen quality.
Materials and Methods

Selection of Bulls. Eighty crossbred (1/4
Angus, 1/4 Hereford, 1/4 Pinzgauer, 1/4 Red Poll) virgin, yearling (12 to 13 mo) beef bulls that had been subjected to similar managerial and environmental influences since birth were selected for serving capacity (SC) evaluation. All bulls were contemporaries, born during a 60-d calving season, had weaned at 200 d of age, had completed a postweaning performance test (168 d) and were kept on brome pasture. None of the bulls had been exposed to females since weaning. During late April and early May 1986 all bulls were subjected to three successive SC tests with a 3-d rest between test dates. For each test, four estrus-induced ovariectomized heifers were restrained by headgates in a rectangular test pen (8 m x 16 m). Bulls were allotted at random into subgroups of five, and each subgroup was allowed to observe mating activity in the adjacent test pen for 30 min immediately prior to testing. The five prestimulated bulls then were placed in the test pen and sexual behavior was recorded by three or four independent observers for 30 min (Lunstra, 1980) . One week following the last SC test, based on the average number of mounts and services achieved during the three tests, 31 bulls classified as low SC (LSC; < 2.0 services/test) and 18 bulls classified as high SC (HSC; > 3.0 services/test) underwent semen collection and evaluation on two successive days. Prior to the first collection, weight and hip height, scrotal circumference and testicular length measurements were obtained. Scrotal circumference measurements were taken using a flexible metal tape that was placed around the largest circumference of the scrotum and testes. Testicular length (excluding the epididymis) was measured at the point of maximum dimension with a vernier caliper. Paired testicular volume was calculated for each bull using the method described by Lunstra et al. (1985) . Semen was collected by electroejaculation, and two ejaculates per bull (one/day) were evaluated for concentration, progressive motility, percent live and abnormalities using techniques described previously (Lunstra and Echternkamp, 1982) . With information gained from pre-exposure SC tests, initial measurements and semen evaluation, 20 bulls (10 LSC and 10 HSC) were selected that were as homogeneous as possible for weight, scrotal circumference and seminal traits but that differed in SC. Data on selection criteria and other measurements for the selected 10 LSC and 10 HSC bulls are presented in Table 1 . Mount to service ratio for each bull was calculated by dividing the average number of mounts by the average number of services achieved during the three tests.
Mating Load Treatments.
To evaluate mating behavior and determine fertility, the 20 bulls were exposed to females on pasture (Figure 1 ) within an experimental design that allowed each bull to be evaluated as a single-sire (Table  2) . Bulls first were exposed beginning at 0900 on d 1, to an average mating load for 3 d using 25 naturally cyclic (N; age 2 to 6 yr), lactating cows per bull. The N cows were removed at 0800 on d 4, and each bull subsequently was eTwo sires common to both groups.
d'eGroup means with different superscripts within a row differ (P ~ .001).
fAverage testicle length = right testicle length + left testicle length/2.
gPercentage of spermatozoa with normal head morphology, excluding acrosome status.
hpercentage of spermatozoa with normal tail morphology excluding proximal cytoplasmic droplets.
ipercentage of spermatozoa with a cytoplasmic droplet (CD) located proximally on the midpiece.
exposed to a heavy mating load for 1 d (23 h) using approximately nine estrus-synchronized (S; age 2 to 6 yr), lactating cows per bull. All other bulls were maintained together in one group when not undergoing pasture exposure. The original intent of the S cow treatment was to have the LSC and HSC bull each exposed to 10 cows that were in early standing estrus beginning on the morning (0900) of d 4 of each block. To accomplish this, three groups of cows (85 cows per group, averaging at least 50 d postpartum) were subjected to a repeated Lutalyse 6 injection scheme to synchronize 6 Up john Veterinary Products, Inc., Kalamazoo, MI. estrus for a particular block were checked for estrus the evening before they were needed and again the next morning. Only cows that were first observed in standing estrus on the morning of d 4 were used for bull exposure. Due to a lower percentage of cyclic cows than was anticpiated, fewer than the required 20 S females were in estrus when needed for the first several blocks. Therefore the LSC and HSC bull were each exposed to five S cows beginning at 0900 on d 4. At 1500 more S cows (up to five) were added to each pasture as a result of further estrus checks. For a few blocks, estrusinduced ovariectomized heifers were used when the required number of S females was not available. This allowed collection of behavioral data, but these heifers were excluded from any fertility analysis. At all times the LSC and HSC bull were exposed to identical numbers of S cows.
Behavioral Observations. Behavioral and mating data were collected by two observers from a centrally located tower ( Figure 1 ) 5 m high, which allowed a clear view of both pastures. The time of each mount and service and identity of the bull and cow involved were recorded 9 These data were pooled for each 1-h interval. During the daylight hours, data were collected during periodic observation (Table 2 ) using 12x to 36• zoom lens spotting scopes and binoculars. To obtain a measure of nocturnal bull behavior, night vision scopes 7 were used during the hours of darkness for four blocks ( Table 2 ). The night vision scopes allowed observation without disturbing the normal behavior of the animals. For ease of identification, all animals were hair-branded on both sides. Cows were considered to be in estrus if they stood to be mounted by another cow or bull. A bull was considered to have serviced a cow when a mount culminated in a strong pelvic thrust and withdrawal of a fully extended penis from the cow's vagina was observed.
Additional Measurement Criteria. The morning of pasture exposure, bulls designated to begin a block were weighed and scrotal circumference and testicular length measurements were made. In addition, bulls were fitted with digital pedometers 8, vibracorders and tympanic ternSOn loan from the U.S. Army CommunicationsElectronics command.
s Gutman Co. Inc., Mt. Vernon, NY.
perature acquisition modules to record distance travelled, grazing time and body temperature. Data collected from the vibracorder and temperature modules are reported by Boyd et al. (1989) . Pedometers were enclosed in an acrylic casing, attached to a wide plastic band and secured to the bull's left rear leg around the cannon bone. Prior to the pasture mating phase of the experiment, all bulls were fitted with pedometers and walked over a distance of 4 km to obtain a correction factor for each bull that allowed conversion of pedometer reading to true distance travelled. Pedometers were read at 0830 on d 1 and 4 (i.e., just before pasture exposure to N cows and just prior to the start of the S cow treatment). After completion of each 4-d block, equipment was removed from bulls, readings were taken, and scrotal circumference, testicular length and body weight measurements were obtained. During S cow treatment, the N cows were kept in a holding pasture away from bull contact. After S cows were removed from the observation pastures, they were kept in a holding pasture for 24 h to ensure that they were out of heat before they were moved to a multi-sire breeding pasture. Conception as a result of bull exposure during the experiment was based on subsequent calving date.
Post-Exposure Measurements.
In early August, 10 d following completion of the last block, bulls underwent three post-exposure SC tests followed 2 d later by final measurements, semen collection and evaluation, as described for pre-exposure measurements. In December 1986, 16 of the 20 bulls (6 HSC, 10 LSC) were slaughtered and the reproductive tract from each bull was symmetrically split into right and left parts and the following parts were weighed: whole testicle, trimmed testicle (epididymis removed), epididymis, seminal vesicle and bulbourethral gland. In addition, the anterior pituitary gland was dissected from the skull, symmetrically split and weighed.
Statistical Analysis. Data from pre-and post-exposure measurements were compared by split-plot analysis of variance using the SAS (1982) GLM procedure. Means were separated by the predicted difference (PDIFF) option of GLM. The model included SC group (HSC or LSC), bull within SC group (error a), period (pre-or post-exposure), period • SC group interaction and bull within SC group • period interaction (error b). Results from N cow and S cow treatments were analyzed separately.
Results from N cow treatment were compared using analysis of variance, first with N cow as a covariate; however, because this was nonsignificant for all of the response variables, it was removed from the model for the final analysis. During S cow treatment, HSC and LSC bulls always were exposed to the same number of S cows, allowing direct hour-to-hour comparisons using split-plot analysis of variance as described earlier; the only difference was that hour, rather than period, was the sub-plot. Differences in fertility between groups were tested using chi-square procedures. Slaughter data and cow traits were compared by analysis of variance. Pearson correlation coefficients were calculated within SC group and overall.
Results and Discussion
Bebavior and Fertility During Average Mating Load. The LSC and HSC bulls were exposed to similar number of cows in estrus per bull (Table 3 ). The HSC bulls had higher total services than LSC bulls (P < .05). Mount to service ratio for LSC vs HSC bulls was 3.6 and 1.5, respectively (P < .05), indicating that HSC bulls were more efficient when servicing, though neither group bred all cows in estrus. Percentage of cows served zero, one or two or more times were 44, 17 and 39% for LSC and 32, 20 and 48% for HSC bulls, respectively. Range in services per cow was 0 to 4 for LSC and 0 to 8 for HSC bulls, and number of services per cow was higher (P < .05) for HSC bulls (Table 3) .
Cows allotted to N cow and S cow treatments did not differ (P > .20) in previous calving difficulty score or number of days postpartum, and 85% of the cows in each group were nursing calves. The overall pregnancy rate did not differ between SC groups (P = .38). Others have reported that libido and SC scores were an accurate measure of serving activity during mating (Farin et al., 1978; Sullins et al., 1979; Pruitt et al., 1982) . However, there was no relationship in these studies between pre-exposure indices of mating ability and subsequent pregnancy rates. Lunstra and Laster (1982) and Pruitt et al. (1982) both found that pregnancy rates for heifers receiving one service did not differ from pregnancy rates of heifers receiving multiple services in single-sire matings, which approximated our results. However, with respect to number of services and pregnancy rates, our results should be interpreted cautiously because this part of the experiment was not Item bLeast squares means _+ pooled standard error of the mean (SEM).
C'dMeans within a row with different superscripts differ (P = .07).
e'fMeans within a row with different superscripts differ (P < .05).
designed to gauge that effect accurately. Fortyone and 34% of the cows exposed to the LSC and HSC group, respectively, conceived but were classified as not serviced even though they displayed estrus. This indicates that services were achieved outside the observation periods, as might be expected. The general behavior of the bulls did not differ between SC groups, except for efficiency of mating, and followed a characteristic pattern. When no cows were in estrus, bulls spent much of the morning and evening investigating females in the herd by sniffing the vulva of most cows. If a cow was in proestrus the bull would follow her and continually test her receptivity by sniffing of the vulva, chin resting, attempted mounts and lunges. The bull would lay and graze beside a proestrus cow and rarely leave her until she became receptive and had been served at least one or more times. Bulls then usually would lose interest in that cow, especially if there were other receptive cows. This behavior is similar to that described by Sumner et al. (1968) . As the number of receptive females increased, bulls investigated proportionally fewer females because bulls were attracted visually to the sexually active group of females that formed when two or more females were in estrus at the same time (Williamson et al., 1972) . Observations indicated that during daylight hours cow-cow and bull-cow mounting activity had a biphasic pattern and was exhibited mainly in two periods (0600 to 1100 and 1800 to 2100), which agrees with observations by Sambraus (1971) . During dark hours, there was a surprising lack of sexual activity. Between 0100 and 0600, almost no sexual activity was detected. Except for a 1-to-2 h grazing period that occurred around midnight, the herd spent the majority of the dark hours lying or standing. At dawn, however, cow-cow and bull-cow mounting reappeared if there were cows in estrus. Our observations closely approximated those of Sambraus (1971) , who described how bulls became active at dawn and only then revealed cows that may have been potentially receptive for some time. In contrast, Matmer et al. (1974) concluded, based on chin ball marks, that bulls were more sexually active at night.
Distance travelled is a measure of general activity and did not differ between SC groups (Table 3 ). The correlation between distance travelled and the number of cows in heat or serviced was low and nonsignificant for both SC groups (.25 and .04 LSC; .21 and .27 HSC). Raadsma et al. (1983) used pedometric measurement on bulls single-sire mated during a 42-d breeding season in paddocks ranging from 4 to 28 ha and found a strong relationship between distance travelled and the average number of cows mated (r = .80) and average number of services achieved by bulls (r = .80) during the early part of the breeding season when bulls were most active. Bulls in our study may not have been measured long enough (only 3 d) to establish the strength of this relationship.
Bebavior and Fertility During Heavy
Mating Load. There were no differences be-tween SC groups in total mounts or services or average services per cow (Table 4) . However, the mount to service ratio for total mounts and total services was 2.5 and 1.8 for LSC and HSC bulls, respectively, exposed to synchronized cows. This may indicate improved efficiency for LSC bulls during the S cow treatment compared to the N cow treatment (compare to Table 3 ). Total services ranged from 5 to 29 and 3 to 43 for LSC and HSC bulls respectively ( Table 4 ). The percentages of cows served zero, one or two or more times were 42, 10 and 48% for LSC and 38, 9 and 53% for HSC bulls, respectively. Corresponding pregnancy rates were 8, 56 and 41% for LSC and 15, 62 and 44% for HSC bulls, respectively. Referring to Tables 3  and 4 , neither groups of bulls was observed to service all cows in estrus for either treatment; however, because cows were not observed 100% of the time, services were achieved outside the observation periods, as evidenced by pregnancy rates for cows served zero times.
With both SC groups combined, the correlation between number of services observed and pregnancy rate was low but significant (r = .16, P < .01). Overall, the pregnancy rate was low and did not differ (P > .20) between SC groups (Table 4) . Farin et al. (1982) single-sire mated yearling bulls to 20 estrus-synchronized heifers for 30 h and found that HSC bulls tended to have a higher number of services and service a higher percentage of heifers in estrus compared with bulls of lower SC. Differences in pregnancy rates were not stated by the authors, although the overall pregnancy rate was similar at 29%. A possible explanation for low pregnancy rates in our study is that S cows were sorted prior to and immediately after bull exposure, and stress associated with this may have impaired conception or increased embryonic mortality.
Mating activity was continual throughout the daylight hours (Figure 2, Figure 3 ) despite temperatures as high as 37~ on occasion. For mounts number of different cows mounted, services and number of different cows serviced there were no differences between SC groups, nor was there a SC group • hour interaction. Bull within SC group and hour were highly significant for each variable. The typical pattern for both SC groups (Figure 2 ) was for bulls to show peak serving activity the first 2 h exposed to cows in estrus, and this decreased (P < .001) to a relatively constant level until 1500, when serving activity tended to increase (P = .18) compared with the previous hour because of exposure to new cows in estrus (Figure 2 ). Mounting activity showed a similar pattern (Figure 3) , though the only hour that differed significantly from others until midnight was 1000. Except for a single service by a HSC bull at 0100, cows did not display standing estrus between midnight and 0600. Distribution of services was similar to that observed during N cow treatment in that bulls typically would pay undivided attention to a particular cow for a period, possibly serving it a number of times before switching attention to another cow. In contrast, Blockey (1976) found that a bull would rarely serve the same heifer twice when he had a large number of heifers in estrus from which to choose because the bull distributed his Item aEach bull exposed to approximately nine estrus-synchronized cows.
bLeast squares means • pooled standard error of the mean (SEM).
services equally. Hale and Almquist (1960) reported restored libido in satiated bulls when new females in estrus were introduced (Coolidge effect). Distance travelled did not differ between groups and averaged about 1 km/h for a 23-h period (Table 4) . This is a considerable increase in general activity compared to the .5 km/h travelled during the 72-h period with N cows (Table 3) .
Post-Exposure Measurements. Bulls did not differ between SC group with regard to semen characteristics and final measures (Table 5) . However, all bulls increased in height (4.5 cm, P < .001) and scrotal circumference (1.28 cm, P < .001), but decreased in right and left testicle length (.81 and .74 cm respectively, P < .001) compared with pre-exposure measures (100 d Raadsma et al. (1983) , who found that pasturemated bulls showing a high level of sexual activity during the first 3 wk of the breeding season lost 5% of their live weight but they found no difference in scrotal circumference measurements as a result of sexual activity. From post-exposure SC tests it was found that mating efficiency, as indicated by mount to service ratio, improved dramatically in LSC bulls (Table 1 vs Table 5 ). There was a period • SC group interaction (P < .001) for mounts, services and mount to service ratio because LSC bulls had fewer mounts (P < .001), more services (P < .001) and a lower mount to service ratio (P < .001)at post-exposure SC tests (Table  5 ) compared with pre-exposure tests (Table 1) . However, LSC bulls still had fewer (P = .06) services at the post-exposure test than HSC bulls (Table 5 ). This increase in SC for LSC bulls is consistent with recent findings by Boyd and Lunstra (unpublished data) and Boyd and Corah (1988) . Both studies found that LSC yearling bulls showed a dramatic and highly significant increase in their SC after exposure to short-duration sexual experience. Sexual experience in those studies was accomplished by exposing bulls to unrestrained, estrus-induced females for a period of 2 to 4 d, which would approximate the conditions that bulls in this study were exposed to. As first suggested for beef bulls by Lu nstra (1980), Chenoweth (1981) stated, "Although libido is genetically influenced, mating ability has a learning component..." and "it is possible that a learning factor is necessary before inexperienced bulls can perform to their capabilities." Our results agree because this learning component proved to be critical and affected research results. Low SC bulls appeared to be learning during the N cow treatment and had become more efficient when exposed to S cows, as evidenced by a lower mount to service ratio. Because 3 mo elapsed between the pre-and post-SC tests, it is possible that maturational factors aside from learning also could serve as an explanation for the improved performance of the LSC bulls in the post-exposure SC tests.
Testicle, epididymal, accessory gland and anterior pituitary weights did not differ significantly between SC groups (Table 6 ). Our results with respect to seminal vesicle measures and SC agree with those of Chenoweth (1978) , who reported no relationship between SC scores and seminal vesicle measures determined by palpation in yearling bulls. However, Chenoweth (1978) found low but significant correlations with libido score. Correlations between pre-and post-exposure sexual behavior and pre-and post-exposure body weight, testicular and semen quality measures were either low or nonsignificant for all comparisons. In summary, HSC bulls had higher average services per cow than LSC bulls during an average mating load. However, during both treatments bulls bred similar numbers of cows in estrus and travelled similar distances, and fertility measured by pregnancy rate did not differ between groups. Low SC bulls appeared to learn while with N cows, and sexual activity increased with S cows. Sexual activity during both treatments resulted in significant weight loss but had no effect on testicular measurements for either group of bulls. Weights of components of the reproductive system obtained at slaughter did not differ between groups. Traditional measures of bull fertility were unrelated to bulls SC. Results from this study suggest that the SC of LSC yearling bulls changes with sexual experience and that conclusions drawn from SC tests of virgin yearling bulls are inaccurate.
